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15 The present invention relates to aluminium alloy containing Mg and Si, and which in 
particular is useful for extrusion purposes at high speed. 
The alloy contains manganese, Mn as an important alloying element. 

In what may be regarded as the closest prior art, WO 98/42884 it is stated that Mn. has a 
20 technical effect when.included in AIMgSi alloys at levels above 0.02 wt% preferably at 
least 0.03 wt%. At Si levels of about 0.50 wt% or greater the stability of the p-AIFeSi is 
increased during homogenisation, and the transformation of the AlFeSi intermetallic from , 
P to a is retarded! A low transformation degree of the AlFeSi intermetallic phases are 
claimed to give reduced extrudability and poor surface finish. The mechanism when 
25 adding Mn at levels above 0.02 wt% is that the stability of the 0-AIFeSi phase is reduced. 
Mn additions will thus promote transformation of the AlFeSi intermetallic from P to a, 
reduce the sizes and increase the spherodization of the intermetallics. The following 
minimum, content of Mn as a function of the Si content is proposed: 

30 wt% manganese = at least 0.3 xwt% silicon -0.1 2 

In AIMgSi alloys Mg 2 Si particles will melt together with the surrounding matrix if the 
temperature of the material exceeds the eutectic temperature of M g2 Si + Al (ss). If this 
happens during extrusion, it will cause tearing in the profile and/or negatively affect the 
35 surface quality of the extruded profile. Therefore, it is of outmost importance to avoid large 
MgzSi particles that are present when . the material reach the die opening and may give 
rise to such melting reactions during extrusion. 



With the present invention it is found that the Mn has an additional positive effect on the 
extrudability of an AIMgSi alloy. In addition to promoting the transformation of the AlFeSi 
intermetallic phases, AlMnFeSi dispersoid particles are formed during homogenisation. 
These particles are acting as nucleation sites for Mg 2 Si particles during cooling after 
homogenisation. In a high quality billet the MgaSi particles formed during cooling after 
homogenisation should easily dissolve during the preheating and the extrusion operation 
before the material reach the die opening. With a larger number of dispersoid particles a 
higher number of Mg 2 Si particles are formed, resulting in a reduced size of each particle. 
Since the rate of dissolution of an Mg' 2 Si particle is proportional to its size, a high quality 
billet should contain a certain amount of AlMnFeSi dispersoid particles, which promote the 
formation of a relatively large number of small Mg 2 Si particles that dissolve easily during 
the preheating and extrusion operation. 

The alloy according to the invention is characterized in t h a t it contains in wt%: 

Mg . 0,3-0,5 

Si. 0,35 - 0,6 

Mn 0,02 - 0,08 

Cr 0,05 

Zn 0,15 

Cu 0,1 

Fe 0,14 -0,28 and 

in addition grain refining elements up to 0,1 wt% and 
incidental impurities up to 0,15, as defined in the attached claim 1. 

. Dependent claims 2 - 4' define preferred embodiments of the invention. 

The invention, will be further described in the following by way of examples and with 
reference to the drawings in which: 

Fig. 1 shows, based on tests, the dispersoid density in two 6060 types of alloys with 
' constant Mg and Si and Fe contents versus the Mn content of the alloys, 

Fig. 2 shows the extrusion ram speed versus billet temperature for the two alloys with 
35 different Mn contents where dark triangles represent profiles wrth tearing and open 
triangles represent good profiles (without tearing), 



30 



3 

Fig. 3 shows the extrusion ram speed versus billet temperature for eight alloys with 
different Mn contents where dark triangles represent profiles with tearing and open 
triangles represent good profiles, 

5 Fig. 4 shows the degree of transformation of 0-AIFeSi to a-AIFeSi in alloy variants JO - J7 
related to Fig. 3. 

Fig. 5 shows a schematic diagram of max. extrusion speed as a function of billet 
temperature and tearing mechanism. Billet temperature for the transition of mechanism, 

10 T*. is indicated for a low and a high Mn-level.. 

The number of dispersoid particles that are formed depends on the Mn content in the 
alloy. In Fig. 1 the number density of dispersoid particles in as-homogenised 6060 type of 
alloys with constant Mg and Si and Fe contents are plotted against the Mn content of the 
alloys. The densities are not true average numbers densities, but represent number 

15 densities in areas with the highest number of dispersoid particles. However, the numbers 
should represent relative differences between the investigated alloys. 

The effect of the Mn content and thus the number of dispersoid particles on the maximum 
20 extrusion speed is further, based on tests, demonstrated in Figure 2. Two alloys of type 
6060, the measured compositions of which are given in Table 1 below, essentially with 
constant Mg, Si and Fe contents and two different Mn contents are plotted against the 
billet . temperature. Dark triangles represent profiles with tearing and open triangles 
represent good profiles. In Figure 2a) where the Mn content is 0.03 wt% the maximum 
. 25 extrusion speed at temperatures around 445°C is significantly higher than in Figure 2b) 
where the Mn content is 0.006 wt%. 



Table 1 Measured composition of alloy 1 and alloy 2 



Alloy 


% Si 


%Fe 


%Cu 


%Mn 


%Mg 


%Cr 


%Zn 


%TI 


%Na 


i 


0,41 


0,18 


0,002 


0,028 


0,46 


0,004 


0,010 


0,009 


0,0003 


2 


0,44 


0,19 


0,002 


0,006 


0,46 


0,002 


0,014 


0,014 


0,0002 



30 ... 

Both alloys were cooled at a rate of 400°C/hour after homogenisation. The higher number 
of dispersoid particles in alloy 1 with the highest Mn content, results in smaller Mg 2 Si 
particles than in alloy 2. At the lowest preheating temperature, approximately 445°C, the 
Mg 2 Si particles in alloy 2 do not dissolve and tearing of the profile is observed at ram 

35 speeds of 12 mm/sec or higher. In alloy 1 with smaller particle sizes, the Mg 2 Si particles at 
least partially dissolve and tearing of the profile does not occur until the ram speed 

• ". ' • •' '; 3 



4 

reaches 14.5 mm/sec. With an even higher Mn content, which would have resulted in 
smaller Mg 2 Si particles, the maximum extrusion speed would probably have been more 
than 1 8 mm/sec. 

5 At the highest preheating temperature the alloy variant with the highest Mn content show 
a slightly better extrudability than the alloy variant with low Mn. The degrees of 
transformation of f3-AIFeSi to a-AIFeSi are 94% for. alloy 1 with 0.03 wt% Mn and 54% for 
alloy 2 with 0.006 wt% Mn. 

10 

. The results of a further test is shown In Figure 3. In this case alloys of a 6060 type, the 
measured compositions of which are given in table 2 below, with essentially constant Mg, 
Si and Fe contents and variable Mn contents were cooled from the homogenisation 
15 temperature at a rate of 400 °C/hour. 



Table 1 Measured composition of alloys JO through J7. . 



Alloy 


%Si 


%Fe 


%Cu 


%Mn 


%Mg 


%Cr 


%Zn 


%Ti 


%Na 


JO 


0:46 


0.23 


0.002 


0.003 


0.38 


0.002 


0.007 


0.023 


0.0002 


J1 


0.47 


0.23 


0.002 


0.008 


0.38 


0.001 


0.007 


0.014 


0.0002 


J2 


0.46 


0.21 


0.007 


0.021 


0.37 


0.001 


0.007 


0.015 


0.0003 


J3 


0.47 


0.22 .. 


0.002 


0.034 


0.40 


0.001 


0.006 


0.013 


0.0004 


J4 


0.47 


0.23 


0.002 


0.053 


0.40 


0.001 


0.006 


0.016 


0.0004 


J5 


0.45 


0.22 


0.007 


0.076 


0.36 . 


0.001 


0.005 


0.018 


0.0003 


J6 


0.45 


0.22 


0.008 


0.105 


0.36 


0.001 


0.005 


0.019 


0.0002 


J7 


0.45 


0.22 


0.008 


0.156 


0.36 


0.001 


0.004 


0.015 


0.0007 



At the lowest preheating temperature the two variants, J6 and J7, with the highest Mn; 
20 contents show a better extrudability than the other variants with lower Mn contents. Again, 
. the explanation is the same: the higher number of dispersoid particles in these two 
variants results in smaller Mg 2 Si particles that dissolves or partially dissolves, resulting in 
higher extrusion speeds before tearing of the profile is observed. 

25 At the two highest preheating temperatures there are only small differences in maximum 
extrusion speeds between the alloys. The degrees of .transformation of (3-AIFeSi to cc- 
AlFeSi are shown for alloy variants JO to J7 in Figure 4. Even though the degree ! of 
transformation is. lower than the recommended 80% (in the previously mentioned 
WO 98/42884 reference) for. the variants JO and.JI, they actually show the highest 

30 maximum extrusion speed of all. the alloy variants at the two highest preheating 
temperatures. 

4 



In both examples shown above, there are only small differences In maximum extrusion 
speed between alloys with high and low Mn contents at high preheating temperatures. 
The reason for this is that the Mg 2 Si particles have dissolved for all alloys at these high 
5 billet temperatures, and not only in the alloys with the smallest particle sizes (i.e. highest 
Mn content). At higher billet temperatures the mechanism that is causing tearing is melting 
of the Al (ss) together with AlFeSi intermetallic phases (this temperature is very close to 
the solidus temperature of the alloy). At lower billet temperatures melting of Mg 2 Si 
particles together with Al (ss) cause tearing, which occurs at a lower billet exit temperature 

10 and therefore at a lower speed. It is well known that the maximum extrusion speed 
increases with lower billet temperatures as long as the mechanism that causes tearing 
does not change. Adding Mn leads to a higher number density but smaller mean size of 
the Mg 2 Si particles, whereby it is possible to maintain the tearing mechanism which is 
melting of the Al (ss) together with AlFeSi intermetallic phases down to lower preheating 

15 temperatures. Because melting of Mg 2 Si particles is avoided at low preheating 
temperatures in alloys with small MggSi particles, it is possible to take advantage of the 
low billet temperature and thus increase the extrusion speed. 

Fig. 5 shows a schematic diagram where the maximum extrusion speed is limited by the 
20 melting temperature of Al (ss) + AlFeSi intermetallic particles (-solidus temperature) at 
high billet temperatures, and by melting of Mg 2 Si + Al (ss) (eutectic temperature) at low 
billet temperatures. The temperature where the transition between the two mechanisms 
occurs, TV is depending on the sizes of the Mg 2 Si particles in the material. For small 
Mg 2 Si particle sizes the transition temperature occurs at low temperatures and is shifted 
. 25 towards higher billet temperatures with increasing Mg 2 Si particle sizes. 

The MggSi particle sizes depend on factors like Mg and Si content of the alloy, cooling rate 
after homogenisation and the nucleation conditions for Mg 2 Si particles. Mg and Si are 

30 added to give the. necessary strength of the material in the final ageing treatment of the 
extruded profiles and are therefore difficult to change. The cooling rate after 
homogenisation is more or less given by the cooling equipment and the diameter of the 
billets, and an increase of the cooling rate would require major investments in the cast 
house. As demonstrated above it is possible to alter the nucleation conditions for Mg2Si 

35 . particles by adding small amounts of Mn to the alloy. 



Ir\ order to obtain the effects described above, Mn contents of approximately 0.03 or 
above would be necessary. The exact amount of Mn will depend on the Mg and Si 
contents in the alloy, and the cooling rate after homogenisation. At too high Mn contents 
the AIMgSi alloys become quench sensitive. Since the AIMnFeSi dispersoid particles act 

5 as nucleation sites for Mg 2 Si particles, a stow cooling rate after extrusion will allow a large 
amount of MgaSi particles to grow during cooling after extrusion. The large Mg 2 Si particles 
will not contribute to increasing the strength of the material, but rather drain the material 
for Mg and Si that should have been used in the age hardening process for nucleating a 
large amount of Mg-Si hardening precipitates. As a result, too high Mn contents in the 

10 alloy will give lower strength in the extruded profiles. 

Another aspect of the quench sensitivity problem, . i.e. excessive formation of (Mg.Si) 
particles on the AIMnFeSi dispersoid particles during cooling after extrusion, is the effect 
of the (Mg, Si) particle distribution on the surface appearance on anodised profiles. In 
15 . order to maintain a consistent surface appearance on anodised profiles it is necessary to 
impose an upper limit on the Mn content of the alloy. 

The two examples shown above have demonstrated that higher numbers of AIMnFeSi 
dispersoid particles have a positive effect on the maximum extrusion speed of AIMgSi 

20 alloys. Since the positive effect of Mn on extrudability is a result of the effect of the 
dispersoid particles on the nucleation and growih of Mg 2 8i particles, Mn has a positive 
effect on all AIMgSi alloys and not only on alloys with Si contents above approximately 
0.50 wt% (ref . WO 98/42884). In the two examples the alloys are of type AA6060, but the 
positive effect is to be expected also for alloys within AA6063, AA6005 as well as for 

25 '.. alloys with lower Mg contents than AA6060. ... 



Aluminium alloy containing Mg and Si, in particular useful for extrusion purposes, 

characterised in t h a t it contains in wt%: 

Mg 0,3-0,5 

Si 0,35-0,6 

Mn 0,02-0,08 . 

Cr 0,05 

Zn 0,15 

Cu 0,1 

Fe 0,08 - 0,28 and 

in addition grain refining elements up to 0,1 wt% and 
incidental impurities up to 0,15. 

Alloy according to claim 1 , 

characterisedinthat 

the content of Mn preferably is between 0,03 - 0,06. 

Alloy according to claim 1 , 

characterisedinthat 

the content of Fe is between 0,1 8 - 0,25 wt%. 



Alloy according to claim 1 , 

characterised in. that 

that the temperature prior to extrusion is between 430 



-510°C 



Abstract 



Aluminium alloy containing Mg and Si, in particular useful for extrusion purposes 
containing in wt%: 

Mg 0,3 - 0,5 

Si 0,35-0,6 

Mn 0,02-0,08 

Cr 0,05 
" Zn 0,15 

Cu 0,1 

Fe 0,14 - 0,28 and 

in addition grain refining elements up to 0,1 wt% and 

incidental impurities up to 0,15 wt%. 
The manganese (Mn), within the specified limits, has an additional positive effect on the 
extrudability of an AIMgSi alloy. In addition. to promoting the transformation of the AlFeSi 
intermetallic phases, AIMnFeSi dispersoid particles are formed during homogenisation. 
These, particles are acting as nucleation sites for Mg 2 Si particles during cooling after 
homogenisation. In a high quality billet the Mg 2 Si particles formed during cooling after 
homogenisation should easily dissolve during the preheating and the extrusion operation 
before the material reach the die opening. 




0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 
Mn-cofitent in the alloy [wt.%] 



Figure 1 : Dispersoid density, in 6060 types of alloys with constant Mg and Si and Fe 
contents versus the Mn content of the alloys. 
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a) Alloy 1; 0.03wt% Mn 
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b) Alloy 2: 0.006 wt% Mn 

Figure 2: Extrusion ram speed versus billet temperature for two alloys with different Mn 
contents. Dark triangles represent profiles with tearing and open triangles represent good 
profiles. 
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Figure 3: Extrusion ram speed versus billet temperature for eight alloys with differe^MnT^'H 
contents. Dark triangles represent profiles with tearing and open triangles represent go0pQ \\ 
profiles. U V 
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Figure 4: Degree of transformation of P-AIFeSI to a-AIFeSi in ailloy variants J0..J7. 
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Figure 5. Schematic diagram of max. extrusion speed as a function of billet temperature 
and tearing mechanism. Billet temperature for the transition of mechanism, T, is indicated 
for a low and a high Mn-level . 
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